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Recent Work on the Etiology of Eclampsia. 
By EARDLEY HomAm, M.D., F.R.C.S. 

THIS paper contains an account of the work that has been done on 
the etiology of eclampsia during the past six ?-ears. Bearing in 
mind that a critical review has a wider object than the mere 
narration of literature, I have eiideavonrcd t o  arrange in logical 
sequence the results of this work, in  ordcr that a comprehensive 
picture may be gained, and conclusions, as far as possible, be drawn. 

A period of six years has been rhosen with a definite reason. 
I n  a critical review entitled the '' Causation of Eclampsia," which 
appeared i n  the January number of this J ~ I T R ~ V A L  for 190.2, Dr. 
Comyns Berkeley has given a coniplete account of OUT knonledge of 
the subject up to that date. The present paper, therefore, will form 
a direct continuatioil of his, and will (teal with the progress that has 
been made from the date of his publication up to the present time. 

Now, the past six years have been a particularly fertile period, 
and the year 1908 alone saw coiisidcrably o\Ter 100 scientific papers 
on the eclampsia problem. The real difficulty is to clistinguish good 
work from bad, and to maintain a due sense of proportion. The 
reason of this concentrated outpnt of work is not fa r  to  seeh. h 
problem like eclampsia is attackrd fiom erery side and b~ every 
method ; advances in  general pathology, in biological chemistry, 
and in other branches of science, afford new nieaiis of attack. This 
desperate onslaught on the etiology of eclampsia may be directly 
traced to the p e a t  strides that have been made in our knowledge of 
(1) the general metabolism of the body; (2) thetheories of immunity; 
and (3) the action of intra-cellular ferments, and the conception of 
aut ol ysis . 

The subject will here be discussed according to the following 
plan: - 

I. The effects produced by eclampsia on the  body 
A. The morbid anatomy of the various organs and tissues 
13. The chemistry of the tissues and secretions. 

11. The significance of these efi s, and their proper inteipreta- 

111. The possible primary cause; mainly a discussion of the 
tion as regards the true nature of eclampsia. 

placental theory of eclampsia. 
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PART I. THE EFFECTS PRODUCED BY ECLAYFSIA. 

It is only by a close inquiiy into the eifects, both anatomical and 
chemical, produced on the body hy eclampsia, that a conception of 
the true nature of the disease can be formed. The clinical picture 
avails nothing here. I n  the first place, the symptoms are those 
common to many toxmnias, and are only peculiar to eclampsia 
because they oc(wr in connection with pregnancy ; and men  here, 
who would undertake to  diagnose acute uramia,  occurring in 
pregnancy, from eclampsia, except in the post mortem room? 
Secondly, the symptoius may be most variable, although the patho- 
logical picture remains fairly constant : the expression, " Eclampsia 
without convulsions," is sometimes used. Thirdly, eclampsia is now 
known to  be only one manifestation of a piofound disturbance of 
the body during pregnancy : eclampsia, toxzmic vomiting and acute 
yellow atrophy of the liver, present s inda r  pathologicnl pictures 
differing only in degree. 

A .  The S/oibid Ana tomy  of t he  various Oryar~s. Though the 
principal changes in  the individual organs had been known for  a 
long time, Schmorl was the first to insist that eclampsia was 
accompanicd b ~ -  a definite comples of changes, characteristic of no 
other disease. 

I n  1893 he published his exhaustive monograph, based o n  a 
personal cxamination of 7'3 fatal cases. I n  1902, he published his 
latest paper, based on the post mortem examination of three n7on1en 
x-ho died in the last months of pregnancy, after having exhibited 
all the symptoms of eclampsia, except conrnlsions : their organs 
werc the seat of the whole series of changes, so characteristic in 
Iypical cases of eclampsia. 

The conclusion of this authority may be taken as representing 
the most accurate knowledge of the morbid anatomy of eclampsia, 
based, as they are, both on his own extensive work, and on a 
consideration of the work of others. Briefly, they are as follow : -- 

Renal changes aye present in  99 per cent. of cases. 
It is important to note that these changes are riot in the nature of 
a n  inflammation, but of a degeneration: the epithelium of the 
convoluted tubules i s  the part afiected : the protoplasm of these cells 
is found in various grades of degeneration-cloudy swelling, fatty 
degeneration and coagulation necrosis. With Winter, who asserts 
that the glomeruli are the chief elements affected, Schmorl strongly 
disagrees. In  the glomerular capillaries, fibrinous thronibi are  
found, hiit never proliferation of capsular epithelium and exudation 
of leucocytes. 

I n  many cases the renal cbanges are slight : even i n  severe cases, 
the distribution of the changes is a patchy one : healthy and necrotic 
titbiiles may be found lying side by side. The severe clinical 

Kidney. 
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symptoms cannot be dependent upon the renal changes. Schmorl 
has only met with one case in  which the liidneys were quite healthy ; 
in this case a most careful microscopical examination revealed 
nothing ; but the other organs showed the usual changes. 

This organ comes scarcely behind the kidney, in  the 
frequency of changes found in it. These changes are most conipli- 
Gated: they are usually visible to the unaided eye, in contrast to 
the kidney. Sometimes, however, they are slight and are oiily 
revealed By the microscope. I n  his 73  cases, Schmorl found the 
liver afiected in 71 ;  even in the two negative cases thrombosis in 
main branches of the portal vein was present. The changes in  tho 
liver consist, briefly, i n :  necrosis of the cells, singly, in groups, o r  
i n  large areas; in the latter the areas of necrosis map bc anmuic or 
hamiorrhagic : fibrinous thrombi in the capillaries of inter- and 
intra-lobular veins, and fibrinous exudate between the liver-cells. 
Those writers who assert that liver-changes are not (eonstant, have 
not used the microscope, says Schmorl. 

The changes in the liver are the most significant and important 
of a l l ;  in the above little resumb; they are given briefly, because a 
little further on some later work will be givcn in  more detail. 

In  about 90 pcr ccnt. of cases, changes are found here, 
consisting of small hEmorrhages, and areas of necrosis associated 
with thrombosis of capillaries, both in  the cortical and central 
regions. 

Besides cloudy swelling and fatty degeneration of the 
muscle-fibres, areas of necrosis and interstitial liternorrhages are 
found in  about 60 per cent. of cases. 

Less constant than the above are necrosis of cells and thrombosis 
of capillaries in  the intestinal trac t, pancreas, adrenais and mnsrles. 
A widespread thrombosis of capillaries is a constant feature of fatal 
caws of eclampsia. 

To summarize, it may be said that thc changes in  the body 
prodnced by eclampsia form ;t constant yathologiral complex met 
with in  no other disease. It matters not if, in any case, the 
changes in one organ are wanting, those in the other organs nre 
ample t o  maintain the pictnre : irregular occiirrences such as this 
are often wet with in other serere intoxications, and are to he 
explained by the dose of the toxin, its concentration, and the time 
it has acted before death. Nor is i t  o f  consequelice if the changes 
in  mch organ, considered individually, are met with in other diseases ; 
for instance, in septicemia, typhoid, scarlet ferer and acute yellow 
atrophy apart from prepancy ,  changes in the liver are met with 
rery similar to those found in eclampsia. It is the simultaneous 
affection of different organs, rather than of one organ, that is 
characteristic. In spite o f  the absence of characteristic sj-niptoms, 
eclampsia may therefore be diagnosed o n  the post mortem table. 

Liver. 

Biaiia. 

Hcart. 



.Journal of Obstetrics and Gynceeology 

Typhoid f ewr  may be mentioned as a parallel example; atypical 
cases are frequent, but the changes in the s n d l  intestine, mesenteric 
glands and spleen are characteristic. 

I n  1907 Bonstantinowitsch published a most important research 
on the 1iver-c.lianges in eclampsia: his worlr may be considered the 
last word in the finer histological details, and is rendered all the 
more valuable by an attempt to correlate the anatomical changes 
with the nature of the eelamptic toxin and with its mode of action. 
His remarks are worth considering in some detail. 

The material used was the livers of 30 patients whose clinical 
history was accuyately known. 

The liver changes fell into three main groups : - 
I. Five cases. In these thcre were no fibrinous thrombi in the 

capillaries, nor necrosis of liver cplls, nor haxnor~~hages. 
11. Twenty-three cases. There were marked changes in the 

periphery of the lobulcc: consisting of hemorrhages, fihrin formation, 
dilatation of capillaries, and degeneration of h e r  cells, varying 
from cloudy swelling to necrosis. 

In  these the necrosis was difinse and not liniited 
to the liver-cells and endothelium of the capillaries, but also affected 
the connective-tissue of Glisson’s capsule and its blood-vessels, 
throughout the liver. 

111. TWO caws. 

The microscopical details of these groups are as follow : ~- 

Group I. The earlied changes are seen at  the periphery of the 
lobules : the contoiir of the cells is rounded, the nucleus stains poorlv 
and is sometimes shrunken : the capillaries at the periphery of the 
lobulc are moderately dilated, and the nuclei of their endothelium 
stains poorly. 

These changes, in the absence of other conditions sii(111 as 
thrombosis of vessels or bacterial infection, denote a primary 
degeneration, due to some toxin. The moderate capillary dilatation 
may be ascribed to  want of support from the cont ipons degenerated 
cells. 

The changes are still limited to  the periphrry of the 
lobules. The capillary dilatation is of two kinds-(1) a moderate 
and cren one, similar to Group I; (2) widle local dilatations or 
ectasia, associated with thromhosis ; interstitial hzemorrhages between 
the liver-cells accompany these ; sometimes there are rollectioris of 
Mood between the liver-cells and the capillary wall. Since the 
endothelium of the capillaiies is degenerated, these lazeinorrhnges 
map be ascribed t o  diapedesis of corpuscles through the dilated 
capillary wall, and sometimes t o  its rupture. The earliest seat of 
thrombosis is i n  the periportal capillaries : this, by cansinp 
obstruction to  the blood flow, brings about the localized cctasia of 
capillaries in the neighhourhood of the periportal connective-tissne. 
The hemorrhages may be ascribed to the same cause. 

Group 21. 
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The direct cause of the capillary thrombosis is the action of the 
same toxin which caused degeneration in the liver-cells. These two 
changes are coexistent, and are produced by a conimoii cause. Two 
other factois aid-the sluggishness of the hepatir circulation and the 
increased coagulability of the blood always pi esent in  eclampsia. 
Thrombosis in  the interlobular veins follows, but is never seen 
without extensive changes in the periphery of thc lobule. Kecrosis 
of liver-cells is the other principal change found in this group. 
The process is a gradual one, coinnieiicing in the peiiphery of the 
lobule and extending. I t  is due to deprivation of blood-supply 
consequent on thrombosis of the periportal capillaIies : when the 
interlobular vessels become thrombosecl , the area gf necrosis becomes 
extensive. 

An interesting appearance was found in two cases with a 
prolonged clinical course. There had been a connective-tissue 
reaction and the formation of granulation-tissue in some parts of 
the liver. This shows that in long-standing cases, and therefore in 
cases which recover, an actual proress of virrhosis niay O~CIII .  

Group ITT. The thrombosis is more cxtensive, and ha8 involved 
the interlobular vessels. The areas of necrosis are correspondingly 
large, and may iiivolve the periportal connective-tissue. I n  the 
necrotic parts the vessels are empty, and there is no deposit of fibrin 
around the cells--" anzrnk necrosis.'' Large tracts of liver- 
substance may be in this state. 

The proper sequence of these various changes may be summarized 
as follows :-The earliest change is a degeneration of tlie liver-cells 
and endothelium of the capillaries at the periphery of tlie lobule; 
this is a progressive change. Thrombosis in the peripheral capillaries 
soon follows, and, as a. result, brings about dilatation of other parts 
of the capillaries and hzeniorrhage into the neighbouring hepatic 
tissue. The next step of importance is necrosis of liver-cells in the 
areas of thrombosis and hzmorrhage. 13y stasis of the circulation 
and a gradual deposition of fibrin, thrombosis of the interlobular 
vessels soon follows ; this causes necrosis of 1 argcr areas of liver-cells, 
and the formation of so-called anxmic infarcts. 

Sehmorl said that eclampsia can be diagnosed post mortem by 
taking into consider atioii the combination of changes in different 
organs. Konstantinowitsrh goes further, and says that a diagnosis 
can be made from an examination of the liver crlune. Thc changes 
here are peculiar n o t  only in their nature, but in their distribution, 
which is dif'ferent to that in any other liver condition. In  the other 
intoxications, the changes are more confined to the central parts of 
the lobnle. The invariable limitation of the carly changes to the 
periphery of the lobules is peculiar to eclampsia. 

He insists that there is no connection between the severity of 
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the liver affection, and the clinical severity of the case and the 
number of convulsions. 

Suprarenal Glands.  Chirii! (1908) has made a special study of 
these in eclampsia. 

Xo extended observations have yet been made on the effect of 
normal human pregnancy on the suprarenal gland. 

Guieysse (1901) states that in pregnant guinea-pigs definite 
changes occur. These consist essentially in hypertrophy of the 
cortex, of which the zona fasciculata is the principal part affe 
especially its outer zone (the zona spongiosa) ; the protoplasm of 
these cells becomes more reticulated, and the vacuoles become larger 
(spongiocytosis). The spongiocytosis extends deeply down into the 
cells of the zona fasciculata. I n  the zona reticulata there is excess 
of pigment and of granules in the cells. The medulla shows no 
change. A11 these changes denote hyperactivity of the gland, and 
Guieysse considers that in pregnancy this hypcrplasia and liyper- 
activity is always necessary to neutralize toxic substances. Alquier 
has fonnd the same changes in the glands of two pregnant dogs. 

I n  12 cases of eclampsia, four of pregnancy kidney, and one of 
retroplaccntal hseniorrhage with albuminnria, C'hiriQ found well 
marked structural alterations, aff'ecting both cortex and medulla. 
I n  the cortex there was great hyperplasia of all the zones, but chiefly 
of the zona glomerulosa and spongy layer of the zona fasciculata. 
The degree of spongiocytosis of these cells was markedly increased ; 
nodular hyperplasia of spongy cells extended clown into the deeper 
layers of the zona fasciculata. In seven cases there were striking 
changes in  the medulla, consisting in (u )  increase in the large 
medullary cells, and ( b )  increase in  the small lymphocyte-like cells 
(parasympathetic cells of Wiesel). 

I n  the cases of pregnancy kidney and retroplacental hcemorrhage 
the same appearances were found. 

In  three other cases of pregnancy, fatal respectively from 
bronchopneumonia, sepsis, and pyelonephritis, somewhat similar 
changes were f o l d  in the cortex, but were less pronounced. The 
medulla, on the other hand, showed no changes. 

Chirii. does not consider that suprarenal changes represent any 
causative factor in eclampsia, but are rather the result of renal and 
other changes, and denote an increase in antitoxic and vasomotor 
functions. 

Thyroid Gland. Pottet and Kervilly (1907) examined the thyroid 
gland in four fatal cases. I n  three they found somewhat complex 
changes, the chief of which were the presence of many young 
embryonic vesicles, cystic dilatation of manly resides, cirrhosis of 
the connective tissue and increased fluidity of the colloid substanrr, 
which often contained small granules. These changes are similar to 
those found in colloid goitre or cystic adenoma. There was never 
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any acute degeneration such as is found in  the liver and kidneys. 
In  one case the gland was of normal histological structure. Changes 
similar to the above were found in three fatal cases of puerperal 
sepsis. They conclude that  changes in the thyroid gland are not 
always present in eclampsia, and that i f  they are, they aro not 
typical. 

Cell-em,boli in Blood-vessels. 
The appearance of liver-cells in the blood-vessels of 

the liver was pointed out very early in the history of eclampsia, and 
they were looked upon as an important feature. They are now 
considered artefacts. I n  any case, they ase not peculiar to eclampsia, 
and have becn found in baclr-pressure livers. 

Ronstantinowitsch found them frequently, siugly and in groups, 
in the branches of the portal and hepatie vein. They bear no 
proportion to the severity of the liver lesions. For cogent reasons he 
looks upon them as puro artefacts, favoured in  eclampsia, by the 
friability of the liver-tissue. 

Placental Cells and T7illi. Schmorl was the first to point out that 
in eclampsia the preFence of placental cells in the vessels of the lung 
is a constant feature. He affirmed that they were a feature peculiar 
to eclampsia, and were never found otherwise. The cells, consisting 
of both syncytium and Langhans’ cells, but chiefly of syncytinm, 
form small masses within the lurnina of the vessels. Whole villi 
are seldom found. I t  is now known that such appearances are not 
peculiar to eclampsia, but are found in  other cases of pregnancy - 
pathological and normal. 

Scbmorl, writing later (in 1905), states that he has found them 
in 150 cases of pregnancy : of these 83 were cases of eclampsia; so 
they are relatively common in n-omen dying- from other causes than 
eclampsia. Convulsions probably favour their occurrence. They 
are found in very early prcgnancy before the onset of labour pains. 
I n  no case did he find them in  such remarkable quantity as in two 
cases of abortion at  the second month, dead f rom sepsis. Tcit has 
taken up the subject very enthusiastically; in papers published in 
1902 and 1904 hc has speculated upon the possible results of 
placental emboli. Thry really ga r r  him the initial idea, in  
formdat ing his ‘‘ placental theory ” of eclampsia. 

PZuc*enta. I n  eclampsia, the placenta is the scat of many 
changes. The majority are not peculiar to  rclampsia, hut arc met 
with in the albuminuria of pregnancy, and, to a lesser degree, in 
normal placentas; such are, various forms of infarct, arteritis and 
cedema. They need not he further discussed lirre, for their presence 
in the normal placenta is well knom-n through the work of Eden and 
others. At the same time, they are much more frequent and intense 
in cases of‘ albuminuria and eclampsia, and may be looked upon as 

LiveT-cells. 
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the result of a chronic tovsemia; as to their connection with 
eclampsia, they are merely accompaniments, not consequences. The 
presence of these chronic degenerativo changes in  eclamptic placentas 
has been investigated by Brindeau and Nattan-Larr ier, who give 
them no special significance. The changes in the placenta which 
may be said to be more peculiar to eclampsia are (I) hzmorrhages of 
varying degree, and ( 2 )  changes in the plasmodium of the villi. 

(1) Hmmorrhages. Since in  eclampsia, hzemorrhages are so 
frequent in other organs, it is no t  astonishing to find them in the 
placenta. They have hccn carefully studied by Rrindeau and 
Nattan - Larrier, who describe three forms-(a) the hpmorrhagic 
nodule or placxntal apoplexy, formed by hzemorrhages of varying 
size and aoe in the substances of the cotyledons; ( 6 )  diffuse 
hmnorrhage in the substance of the placenta; and ( c )  retroplaceutal 
hzmorrhage. Their mode of origin is shown on microscopical 
examination to he due primarily to dilatation of the 17essels of the 
\-ill;. There are two stages of this-(I) simple dilatation, which 
may he enormous, distrnding ihe villus so that only tbe nariovest 
strip of connective-tisbae scpauates the blood from the chorionic 
epithelium; (2) rupture of the vessel, a i t h  Iyamorrhage. I f  the 
hzemorrhage is slight a ‘‘ hemorrhagic nodule ” is formed ; if serere, 
a diffuse parencliymatoiis hzniorrhage results. This process of 
rupture is clearly seen in sections. Extensiw connections are 
formed hetwxn the fwtal and maternal blood, and fcetal nuclrated 
red corpuscles can he seen pouring into tlie maternal blood-spacps. 
Coagulation occurs in the neighbowhood of the rapture. These 
placental hemorrhages occur, of course, in other conditions ; but 
they arr peculiaily constant in eclampsia. 

After T X t  and Schmarl had 
propounded their placental theory of eclampsia, and had disrovered 
placmtnl cells in the maternal circulation, many workers attempted 
t o  show that tliere were changes in the placenta, which would lend 
suypor t to the theory. 

Fink found, in three eclamptic placmtas, proliferation of the 
epithelium in the form of projecting buds of granular syncytium, 
some of which had become detached and wwc lying free in the 
maternal spaces. 

U. Stroganowa, Bulins, Hermann and Seitz found the qame. But 
soon others began to  find that similar changcs were found in nornial 
placentas. A. Martin could find no differences in syncytial budding 
i n  normal, albuminuric and eelamptic placentas. G. Colorini (1905) 
has published an exhaustive research on this point, and came to  the 
conclusion that an  absoliitely typical eelamptic placenta docs not 
exist. The latest paper is by Brindeau and Nattan-Larrier (1908). 
They examined 21 eclamptic placentas, and were much impressed by 
special appearances in the syncytium. Thc chief is :t nodular 

.’ 

(2)  Changes in. the  Plasmodiu?n. 
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hypertrophy, so that b ids  project from the surface of the ~il l i .  This 
hypertrophy is not cven, but is associated with atrophy in other 
parts. Thus, four-fifths of tlie circumference of the villus is covered 
by atrophied cells, and the remaining one-fifth is made up of one 
or inore projecting buds. The atrophic syncytium exhibits granular 
changes in the protoplasm and fragmentation of the nucleus; often 
the syncytium has entirely disappeaied. The hypertrophied buds 
arc prorided with nuclei so abundant that the whole looliq like a 
mass of chromatin, staining intensely with limnatin ; occasionally 
there are large vacuoles. Some buds lie free in the maternal spaces, 
aiid others hasw widergone coagulation necrosis. The authors 
consider that this budding is iiot peculiar to eclampsia, but is ail 
exaggei ntion of the physiological condition. They conchide that 
there are certain placentas whicli may be said to be typical of 
eclampsia, because they prrscnt a coIribi?zcrtion of cl inr~ges consisting 
in  hmnorrhages, nodular and siibchorionic iiifarcts, cedenia, arteritis 
a i d  plasmodia1 budding. Siirh a combination is uncoinnion. Two 
varieties of change can hc distiiiguished-(l) chronic : infarcts, 
artwitis and cedema; thcsc are due to  a slowly-acting toxin, such as 
is present in  albuminuria ; (2)  acute : largrr hzemorrhages, dilatatioii 
ant1 rupture of fcetal V P ~ S ~ ~ S ,  and proliferation of syncytium ; these 
are due to an acntcly-acting toxin, such as in eclampsia. 

They, therefore, consider ‘‘ that all the placental changes arc due 
to the action of tlie poison (a t  present unknown) of the torramin 
of pi-egnaiicy, and that the cliariges in the syncytium liave no 
connection with the rausr of eclampsia, bnt are entirely wcoiidary, 
aiid are a special forrii of degeneration, dnc to tlie direct contact of 
thc  syncytium with the toxic maternal blood.” 

TAc BZood-Red Cor272~~clcs. Zangemeister and others have 
shown that, in by far the majority of cascs, these are greatly iii 
exrcss of the normal, the coiint in different cases varyiiig from a 
little over normal to 9,360,000. T n o  peculiarities are-(1) thc 
rapidity with which, in  any case, the nimbers vary from time t o  
time ; (2) great aariations in aumhers Bet--een different cases ; thus, 
in the eclamptic cams cxaniined by Znnpemeister, the diff erenee in 
tllc maximum and minimum counts was 5,l %0,CO&-in normal cases 
of pregnancy and labour, the difference was only 1,180,000. The 
same obsener noticed that in two cases the convulsions ccascd as 
sooil as the number of cnrpusclcs had  fallen to ~ I Q I - I I I ~ ~ .  which might 
indicate, a t  first sight, a cansal conncction between the increased 
number of corpuscles and the disease: he points out that tliis cannot 
be so, because i n  some cases the numbers hardly erer exreeded the 
normal, and in  others convulsions continued long after the nuxrlbers 
had fallen. Nor can the convnlsions Be the cause of illcrease in  the 
number, fo r  in some cases a high count was noticed long ky+fore 
the onset of convulsions. The evidence seems to be in farollr of the 
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increase being a relative one, due t o  a rapid passage of plasma from 
the blood-vessels to the tissues (edema). 

I n  normal pregnancy there are great altera- 
tions in the number of leucocytes. Though this has long bccn known, 
recent work has made our knowledge more exact. Carton (1903) 
found that in the last month of pregnancy the numbers varied 
from 8,000 to 15,000; in labour, especially in primigravidw, there is 
a further increase; in twin pregnancy the numbers are still higher. 
Pankom (1905) always found 10,000 to 12,000 leucocptes in primi- 
gravitlw in the last month of pregnancy, and, during labour, a 
further increase up to  20,000; immediately after delivcry oi‘ the 
placenta he fourid R still fuither increase up to  25,000. In multi- 
par= the changes were not so constant; in 50 per cent. the number 
was normal during pregnancy, but during labour and inimediately 
after delivcry of the placenta, he always found a rise, eT-en if a sinail 
one. 

Arneth (1905) has counted thr leucocytes difi’eren tially, accord- 
ing to whether they contain 1, 2,  3 ,  4 or 5 nuclei. Korwally he 

lVhi ts  Corpuscles. 

finds : - 
. . . 1 nucleus 40 per cent., 
. . . 3 nuclei 1 and 2 nuclei. 

41 per cent. . . . ._. 3 ,, 60per cent., 
17 per cent. 

1 5 per cent. , . . 

. . . ... 4 ,, 13 or  more. 

35 per cent. ... 

2 per cent. . . . . . .  5 ,, 

At the end of pregnancy and during labour the proportion is 
changed, and the corpuscles m7ith 1 and 2 nuclei begin to 
preponderate, a i d  after labour t h y  hnvc rise11 to 70 PPT cent. In  
multiparz, even with a normal count, the same qunlitatiw changes 
are present. Why the young corpuscles (those with the fex-est 
nuclei) rise thus in numbers, is olsscme. 

This preliminary knowledge of the iiormal caoiidition i s  necemtry 
before passing on to the further chm: gcs which accompany eclampsia. 

I n  eclampsia the number of white corpnscle~ i s  much greater 
than in  ~ i o r ~ ~ i a l  pregnancy. Dienst found an averagc of 26,000 
before labour, and 40,000 immediatelj- after 1 abour. In  maiiy c.ases 
there is a rapid diminiation after lal~onr i s  ovcr. la cases of 
albuminuria o€ pregnancay he found the same high numbers. 
Qualitatively, actwrtling t o  Arneth’s classification, he fonnd that the 
leucocytes with three or more nuclei (the older oncs) were in esvess 
of those 13-ith a fewer number of nuclei. I n  the former mrietirs the 
protoplasm ~ 5 - a ~  often drgmerated, and free nut t1 t . i  were found in 
the blood. Dienst considers this increase in the rl i i tr  corpuscles as 
a factor of suprtme importance in eclampria, for  he looks upon 
them as the origin of fibrinogen, the iiwiease of a hich is the direct 
w u s e  of thc disease. 
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Zangemeister also finds a great increase in the number of 
leucocytes in eclampsia. But he does not consider them to have 
anything to  do with the cause; for  i n  some cases there was no 
increase even during convulsions, and in others, the numbers only 
began to increase a€tcr con.aulsions had already commenced. 

B. 
In  spite of the large amount of work on the pathology of 

eclampsia (which really dates from the discovery of albumin in  the 
urine by Lever in 1843) the chemical side has been, until compara- 
tively recently, much neglected. Zweifel was one of the first t o  insist 
that the problem has now become a chemical one, and was the first 
investigator to conduct systematic chemical researches ; hc writes, 

whoever says that eclampsia is a toxa3mia should try t o  discover the 
poison.” The reason fo r  this neglect of the chemical side is partly 
that  the changes in the urine and blood were taken for granted to  be 
analogous to those occurring in  nephritis and uremia, and were in- 
vestigated purely from that point of view, and partly that chemical 
researches required a high degree of technical knowledge and skill 
such as the average obstetrician did not possess. 

Previous t o  Zweifel’s work, the only important chemical re- 
searches on the poison of cclampsia were those of Gscheidlin and 
Spiegelberg (1870), who estimated the urea and ammonium carbon- 
ate in  the blood; Voigt (1886), who looked f o r  urea in the liver and 
muscles; Butte (1894), who estimated the urea in  the blood; Poehl 
(1895), who found leucomaines in  the blood: and Zangemeister 
(2901), who, at Zweifel’s instigation, undertook a research on the 
amount of ammonia excreted in the urine in normal pregnancy and 
labour and in  eclampsia. 

The chemical facts, which have so far been discovered, may 
be conveniently given as follows- 

THF; URINE. 
Alterations in the Purti t ion of Ur inary Nitrogen : the “Ammonia- 

Zweifel (1904) was tho first to  point out that in eclampsia, a high 
proportion of the total nitrogen took the form of Ammonia salts. 

The proportions of the urinary nitrogen in  health are, according 
t o  FoIin, as follows:- 

The Chemisiry of the l‘issaes and Secretions. 

( I  

coefficient.” 

Urea . . . . . . . . . . . . . . .  81.7% 
Ammonia . . . . . . . . . . . .  3’3% 

Uric Acid 0‘7% 
Undetermined N, 5.6% 

2.7% . . . . . . . . . . . .  
. . . . . . . . . . . .  

Total N, = 15.8 gms. i Creatinine 

. . . . . . . . .  I 
Zw-eifel estimated the urine in 32 cases of eclampsia, and found 

the following alterations : - 
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(1) There is a great derrcase i n  the urea-nitrogen; he found 
figures of 27, 45.2, 51, 53 and 55 per cent., etc., of the 
total. 

(2) There is a great increase in  the ammonia-nitrogen; it was 
always more than 5 per cent. of the total, and once reached 
16.6 per cent. 

(3) There is very little change in  the amount of nitrogen excreted 
as uric acid. 

(4) The remaining nitrogen was increased slightly during the 
attacks, and fell below normal during recovcry. 

I n  1907, Ewing and Wolf published an rstremrly d u a b l e  
account of their researches on urinary analyses i n  the toszemias of 
pregnancy. Their methods may be taken to be more reliable than 
Zweifel’s. They estimated the total nitrogen in the urine, and the 
amount present as urea, ammonia, uric acid and creatinine; by 
subtraction of the nitrogen represented by these substances from the 
total nitrogen, they were ahle t o  estimate the “undetermined 
nitrogen,” i.e., the nitrogen which is not represented by any of the 
above four substances, and which exists chiefly in the form of 
amino-acids. 

A detailed account of their results would be superfluous here, f o r  
this has already been given in two recent articles by Longridge and 
Leathes, to which the reader is rrferrcd. As regards eclampsia their 
results may be seen in the following table. 

Normal values (Folin) ... 19 
Normal values in 

pregnancy - . . . . . .  
case 1 . . . . . .  4-97 
case 2 . . . . . .  - 

Eclampsia. 
case 22 . . . . . .  8’7 
,, 23 . . . . . .  18 

11 
), 24 . . . . . .  4-7 
,, 25 . . . . . .  - 

9’ 9 
,, 26 . . . . . .  3 

8’6 
)) 27 . . . . . .  - 

next day. - 
), 28 . . . . . .  1‘7 
,, 29 . . . . . .  4 5  

85-88 

- 
74-84 
71-84 

70 
67 
78 
73 
42 
79 
GS 

80 
36 
43 
62 
65 

. .  
3-8 

- 
3‘5-5’8 
2’8-5.8 

5.3 
7 
8 
0 

18 
8 

8’7 

7’5 
6 
14 
10 
14 

4-6 

- 
8-14?? 
7-14 

19 
22 
11 
11 

8’5 
15 

10 

- 

- 
- 

1 4 5  
13’6 

Five convulsions : coma. 
Six convulsions : coma. 
Delioercd. 
Five convnlsions. 
Twenty-five convulsions : coma. 
Delivered. 
Delirium : jaundice : no con- 

Day after delivery. 
Convulsions : coma. 
Died : liver, early throphosis. 
One fit : coma : death. 
Thirfy convulsions : liver, 

early thrombosis. 

az1Zstons. 
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They therefore did not find such wide alterations in the ammonia- 
urea ratio as did Zweifel. Still the urea percentage was generally 
low and the ammonia percentage generally high, but variable. The 
most significant feature was the high proportion of undetermined 
nitrogen. 

These authors and Williams hat-e found the most marked altera- 
tions in the nitrogen-partition in toxaemic vomiting. 

Tibe Ab?mi-mal PTesence of Organic Acids.  
Zweifel a t  once saw the significance of the increased excretion of 

ammonia, and ascribed it to the presence of abnormal quantities of 
some acid in  the blood. This acid he subseqiiontly found to be lactic 
acid, which he found i n  the iiriire in 17 cases of eclampsia. H e  
estimated i t  as zinc paralactate (by the zinc-carbonate method), which 
is recognizable as minute needle-shaped crystals. The amount he 
found was not large; an idea may bc gained from the following 
examples : - 

urine in 26 hours = 360 ccm. zinc paralactate = 0'169 gms. 
7 7  3, 32 5, =721 3, 7,  7 ,  =0.097 ,, 
,, ,, 18 ,, =63? ,, 7 7  1 ,  =0210 ,, 
,, ,, 14 ,, =410 ,, 7 ,  7 7  =0.079 ,, 

I n  some instances the amount was too small to be estimated 
quantitatively. He found the estimation of lactic acid in the urine 
always difficult, because of the many other impurities, and found it 
in greater quantity in the blood, where it could be estimated with 
greater case and certainty. B e  looked upon lactic acid as a disinte- 
gration product of protein-its presence therefore indicated imperfect 
protein metabolism. 

ITofbaner (1907) examined the urine for amino-acids and other 
products of the disintegration of protein ; he summarises his results, 
taken from 9 cases, as follows : - 

Albumoses . . . . . . . . . . . . . . .  Found twice. 
Amino-acids . . . . . . . . . . . .  Glycocoll was found once. 
Lactic acid . . . . . . . . . . . . . . .  Found 3 times. 
Formic acid . . . . . . . . . . . .  Found 3 times. 
Succinic acid . . . . . . . . . . . .  Never found. 
Pentoses . . . . . . . . . . . . . . .  Never found 

The search for these substances was based on the idea that there 
was a great disintegration of liver tissue during life. ITowever, 
Hofbauer points out, that even if these substances were present in  
any quantity, their excretion as such in the urine is not likely, fo r  
they would be converted into ammonia or urea in the tissues. 
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The Chlorides. 
I n  consequence of recent views on the connection between edema 

and the retention of chlorides in the tissues, the relation of the 
excretion of chlorides to eclampsia is of interest. Zangcmpister 
found a retention of chlorides in eclampsia. I n  normal prcgnancy 
the excretion of chlorides is slightly decreased ; the figures given 
by Zangemeister are : - 

pregnancy 10.66 gms. in 24 hours (averagej. 
non-pregnant 15.95 gins. in 24 hours (average). 
pregnancy 0.65% of total salts. 
non-pregnant 0.6% of total salts. 

urinc 

i serum 

Cramer has treatcd cases of edema without albuminuria in 
pregnancy with deprivation of salt in the food, and has had excel- 
lent results. But since he made no quantitative examination, the 
good results may have been entirely due to rest in  bed, etc. 

In  eclampsia, a t  the bcginninp of an attack, Zangemeister found 
a noticcable decrease in the chlorides in the urine, at the same time 
the other urinary salts were excreted in normal amount, so that the 
retention cannot be due to renal insufficiency. 

In the serum the amount of sodium chloride in the blood is 
0.63 per cent. as compared with 0.65 per cent. in normal pregnancy, 
which shows that chlorides are not retained in the blood, but prob- 
ahly in the tissues. In  any case the retention is not pathological or 
harmful. 

The Liver. 
A thorough chemical examination of the eclamptic lirer has been 

made by TIofbauer with the object of showing the presence of pro- 
ducts of protein disintegration : snch substances would bc produced 
by an autolysis of liver tissue during life. The material used 71-as as 
fresh as possible, in no case did more than 24 hours elapse bctwecn 
the death of the patient and the commencement of the analysis. 
Without entering into a description of the complicated methods 
employed, it may be stated at  once that the following substances were 
found - 

Fatty acids--formic, lactic and siiccinic acids. 
Amino-acids-trypsin and glycocoll. 
Albumoses, present in  small amounts only. 

IIofbauer gives no quantitative figures. He  considers these re- 
sults to be of considerable importance, for they demonstrate that 
during life, a considerable autolysis of livcr-tissue occurs. An 
obvious objection may justly be raised against Hofbauer’s work. It 
is well known that in the liver, post mortem autolysis rapidly occurs, 
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and this may be quite enough to account fo r  the presence of the 
above substances. He has made n o  coniparatire examination with 
tha livers of patients dead from other diseases than eclampsia. 

Since inany of the pathological processes occurring in  eclampsia 
are intimately connected with this process of autolysis of cells, and 
since autolysis itself is a comparatively recent conception, a brief 
description of it will perhaps be not out  of place; the more so, 
became, as will be shown in  a later part of this review, autolytic 
changes play a considerable rGle in  the placenta, in eclampsia. 
Without a clear conception of autolysis the most modern work on 
eclampsia cannot be followed. 

Every cell has intra-cellular ferments or enzymes. Thesc exercise 
ail all-important function in  the metabolism of the cell, which 
depends on them for the assimilation of foodstuffs brought by the 
lymph and blood. Normally they exist in a 3-ery firm combiiiation 
with the protoplasm and have no action on the cell itself; their action 
is limited entirely to the fluids circulating around it.  Some cells 
have more ferments and sironger ones, than others : of this, the liver 
and placenta are examples. 

The most important one is 
a proteolytic ferment, which can break down protein into its ultimate 
constituents. Since many of these prodwts of protein disintegration 
have been isolated in  the liver, placenta, blood and urine of eclamptic 
patients, the more important will be enumerated as far as thcy have 
been at present identified. 

The ferments are of many varieties. 

I. Simple ammo-acids of the fatty acids scries. 
G1ycoeo11 (amino-acetic acid). 
Alanin (amino-propionic acid). 
Amino-valerianic acid. 

Aspartic and Glutaminic acids. 
111. The di-amino-acids, Lysin, Arginin, Histidin. 
I V. The aromatic constituents, tyrosin, phenylalanin and 

11. Di-basic amino-acids. 

tryptophan. 
V. Prolin and oxyprolin, serin and cystin. 

Other ferments are lipolytiv, breaking down fats, and glycolytic, 
breaking down carbohydrates. In the normal state of affairs these 
cells a l l  work in harmony f o r  the good of the cell. It is quite other- 
wise when the integrity of the cell is impaired or when the activity 
of the ferments themselves is abnormally raised. They then turn 
upon the cell and attack it, breaking do\T-n the protoplasm. This 
process is known as autolyais. Pathologically, autolysis may occur 
during life : it may even occur physiologically, but in small degree, 
though in involution of the uterus i t  plays the chief part : it  always 
occurs in  the tissues after death. 
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This latter fact has enabled autolysis to  be studied z n  uitro. The 
process is an  easy one. Known quantities of an organ such as the 
liver are taken, under aseptic precautions, and placed in  a series of 
test tubes, and incubated : the relative amounts of total nitrogen, 
protein-nitrogen, and soluble (non-coagulable, non-protein) nitrogen 
are obtained by an analysis of the fresh organ. 

Analysis of the contents of the test tubes from time to  time reveals 
the fact that the soluble nitrogen is gradually increasing at thc 
expense of the protein, and the process can be followed both quaiiti- 
tatively and qualitatively. 

THE BLOOD. 
Alka lmi t y  of t h e  Blood. 

Zuntz’s method, in normal pregnancy and in eclampsia. 
Zangemeister (1903) estimated the alkalinity of the blood by 

I n  normal pregnancy he found : - 

Maximum 0.248 gms. NaOH in 100 ccm. of blood. 
Minimum 0.166. 
Average 0.202. 

I n  eclampsia the alkalinity is diminished, but there are wide 
In many sevcre cases the alka- variations between different cases. 

linity is normal or nearly so. IIis figures for 20 cases were :- 

Maximum 0.218. 
Minimum 0.048 
Average 0.153 

The variations are accounted for  by differences in the amount of 
Diminished diuresis means reten- 

An isolated example was reported by Longridge (1905) ; he used 

urine cxcreted in  different cases. 
tion of acids in  the blood. 

Wright’s method and found the alkalinity equal to 
N N -H2 SO, (Normal is -? Hz SO,.) 
75 30 

Hawnoglobin in the Serum. 
The relative frequency in eclampsia of hzmoglobin in the serum 

is striking. Zangemeister found in 5 times out of 14 cases; it was 
in  the form of oxyhtemoglobin, never methemoglobin. Estimated 
hy the calorimeter and spectroscope it amounted to an average of 
1.7 per cent. 

Wychgel, on the contrary, found htemoglobin in  the serum in 
8 out of 23 cases of normal pregnancy; but his technique does not 
appear to have been perfect. 

Zangemeister has tested eclamptic blood for htemolytic properties, 

It was never found in normal pregnancy and labour. 
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but without success. He concludes, therefore, that ha?moglobinzmia 
in eclampsia is not due to the presence of a hzmolytic toxin, but t o  
the absorption of hzemoglobin from blood extravasations in the liver, 
which were present in  abundance in  the case which shosved the 
highest degree of hznioglobin=mia. 

iCfokruZar Coricerztration of the  Blood. 
A lower 

freezi-tig point than normal indicates retention i n  the blood of suh- 
stances of a low molecular vallnc and a disturbance in the eliminating 
function of the kidney. 

This is estimated by determining the freezing point. 

In  normal blood, the freezing point is -0.56"C. 
For eclnriiptic blood Schroeder found the freezing point - 0.605"C. 

All other observers have found difterent figures. 
Futh found -0,501"C. and -0.54"C. ; Szili found no appreciable 

difference between normal and cclamptic blood; Dienst found the 
same; Zangemeister found -0.551"C., - 0 553"C., - OfA4"C. and 
-0,636"C. in different cases. The conclusion is, therefore, that the 
moleciilar concentration of eclamptic blood is, if anything, less than 
normal blood. This shows that there is no retention of urinary 
constituents and no disturbance of total renal function as in ursmia,  
in which the freezing point is as low as -0-6°C. 

Luctic Acid in the Blood. Zweifel examined the blood, withdrawn 
from a vein in the arm, in eight cases of eclampsia and found lactic 
acid present in all. 4 s  examples, the amount in  four of these cases 
(estimated as zinc paralactate) was 0,0121, 0.0093, 0'0155 and 0-0892 
gms. per cent. I le also fouiid it regularly in the blood of children 
of eclamptic mothers. In these, both placental blood, and the blood 
from the umbilical cord was used for the estimations. The amounts 
he found in  the blood and urine in mothers and children respectively 
may be seen from the following esamplcs : - 

and - 0.665"C. i n  two cases. 

Urine . . . . . . . . .  a trace. Urine . . . . . . . . .  O.1yL 
Blood from vein ... 0.009% Blood from vein ... 0.1138% 
Blood of child . . .  0'025% Blood of child ... 0*08l.;/, 

Placenta blood ... 0 . 2 0 1 6 ~  

Urine . . . . . . . . .  0.043 grms. Urine . . . . . . . . .  0.0613% 
Blood from vein ... 0.0121% Blood from vein ... 0.Oi73% 
Blood from cord ... 0 Blood from cord ... 0 
Blood from placenta 0.0508% Blood from placenta, a trace. 

Lactic acid, then, shows wide variations, and its presence seems 
It is probably rapidly destroyed in the transient from time to  time. 
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body, a fact which is well known from animal experiments. I n  three 
cases Zweifel found more lactic acid in the fetal  blood from the 
umbilical cord. and in three cases, more in the placental blood than 
in the maternal blood. He thinks it reasonable to suppose that, in 
these cases at  all  events, the acid is produced in the fetus and passes 
t o  the mother and is not produced in the mother as the result of the 
fits. This, considering the great variations found in different cases, 
and the admitted transient presence of the acid, seems a highly 
hypothetical suggestion. 

I n  two cases of pregnancy kidney, with n o  erlamptic convulsions, 
hc found lactic acid in the blood in amounts of 0.0076 per cent. and 
0.0252 per cent. 

In a fatal case of uraemia occurring in the puerperium, with 205 
fits. n o  lactic acid was present at any time in the blood or urine. 

Zweifel admits the possibility of the convulsions being the direct 
cause of the presence of lactic acid in eclampsia, but he is convinced 
that this is not the case, fo r  the following reasons :- 

(1) Lactic acid is present in some cases before convulsions occur. 
(2) It is sometimes found in grcater quantity in the fetal  than 

in the maternal blood. 
(3 )  It is found in cases of pregnancy kidney without convulsions, 

and it was not present in the above case of uraemia. I n  his most 
recent paper (1909) he again returns to  the subject of the significance 
of lactic acid in the urine in eclampsia, and gives results of his 
investigations of the urine in epilepsy. In  only ono case o f  this, out 
of many examined, did he find lactic acid, and in that case it ceased 
to  be present after meat was withheld from the diet. 

The whole question will be discussed in the second part of this 
review. 

The YTote in  Constituents o f  t he  Blood. 
Lewinski (1903) gives the following figures :- 

serum globulin 1.02 
IIealthy normal. Total albumin = 6.66--8.11% albumin 

(serum globulin 1-48 
Healthy pregnant. Total albumin = 6-9-8'2% Serum albumin 1.54 
Healthy normal. Fibrinogen= 0.31% 
Healthy pregnant. Fibrinogen = 0.45% 

In eclampsia, Dienst (1908) finds, from an examination in four 
cases, that the total albumin is slightly decreased, the average being 
6.71 per cent. The fibrinogen is much increased, the average being 
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0.53 per cent. I n  the f e tus  the fibrinogen content, though raised, is 
less than in the maternal blood. H e  considers the increase in the 
fibrinogen in  eclampsia most important, and amountablc fo r  nearly 
all the thrombotic and other changes which occur in  the body. He 
ascribes its formation to the breaking down of white blood-corpuscles, 
which are always in exccsu in  eclampsia, for  he found a direct 
proportion between the increase in lencocytes and the increase in 
fibrinogen : - 

H e a l t h y  Pregnant.  Leucocytes = 11,450. Fibrinogen = 0.063. 
14,400. ,, = 0'071. 
16,300. > 9  = 0'082. 

P w g n a n q  Kidney .  Leucocytes = 25,000. 3 7  = 0.086. 

(To be continued.) 




